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PHOSPHATE FERTILIZERS
By

U. S.

JONES*

ABSTRACT
Since 1887 over 1500 field crop experiments have been conducted in Mississippi to determine the kind and
amount of phosphate fertilizer needed
for the production of cotton, oats, corn,
vegetables, vetch, soybeans, clover, and
pastures.

The

results

from these ex-

periments are summarized below. These
summary statements for the most part
are based on the results of replicated
experiments conducted since 1940 in
the Hill Section. Some of the data did
not allow a statistical evaluation of
reliability.

Cotton: The greatest average return
per pound of P2O5 in the fertilizer was
obtained with the first increment of
24 pounds of P2O5 per acre per year.
Yield of seed cotton was increased 225
pounds per acre by this treatment. On
black prairie soils a further increase
was obtained with a rate of 48 pounds
of P2O- per acre. A soil limed to near
neutrality was found to be optimum
for cotton production; and at pH 6.0
to 7.0, 24 pounds of fertilizer phosphate
was as efficient for cotton production
as 48 pounds at pH 5.1.

Relative yield increase values of the
various kinds of phosphate for cotton
Superphosphate 100, concenfollow:
trated superphosphate 83, 10 mesh calcium metaphosphate 74, 40 mesh fused
tricalcium phosphate 69, and 10 mesh
fused tricalcium phosphate 69. These
experiments suggest that a portion of
the yield increase obtained with superphosphate was the result of the calcium and sulfur contained therein and
not to phosphorus alone.

The greatest average return
Oats:
per pound of PoO^ in the fertilizer was
obtained with the first increment of 60
pounds of PoOj^ per acre per year. This
was true whether the oats were harvested for grain or used as a forage
or winter grazing crop.
Yield of oat
*Author compiler, see acknowledgement.

was increased

grain

12

bushels

and

yield of dry oat forage was increased
768 pounds by 60 pounds of P20.r,.

Relative yield increase values for the
different kinds of phosphate for oat
forage follow:
Concentrated super-

phosphate
101, 40
99, 10

100,

calcium metaphosphate

mesh fused tricalcium phosphate
mesh fused tricalcium phosphate

86.

Pastures:
The greatest average return per pound of P20r, in the fertilizer
was obtained with the first increment
of 30 pounds per acre each year on
soil limed to near neutrality. The yield
of dry pasture forage was increased 1.1
tons per acre by the addition of 60

The results clearly
pound of fertilizer
phosphate produced more herbage at
pounds

of

P20r3.

indicated that one

pH

6.3

than did 3 pounds at

pH

5.2.

Relative yield increase values of the
various kinds of phosphate on limed
pastures follow:
Superphosphate 100,
concentrated superphosphate 86, 40
mesh fused tricalcium phosphate 81,
10 mesh fused tricalcium phosphate 66.
These experiments and others that follow suggest that a portion of the yield
increase obtained with superphosphate
resulted from the sulfur
contained
therein and not to phosphorus alone.

Vetch: The greatest average return
per pound of P^Og in the fertilizer was
obtained with the first increment of 45
pounds per acre. This amount effected an increase of 1,597 pounds of green
vetch per acre. At several locations
further increases in vetch yield were
obtained with rates of P2O- up to 90
or 120 pounds per acre.
In a vetch forage test on sandy soil,
which was limed with a ton of calcium
slag, relative yield increase
values of the various phosphates for
vetch follow: Superphosphate 100, 40
mesh fused tricalcium phosphate 83,
concentrated superphosphate 80, 10
mesh fused tricalcium phosphate 79.
silicate
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Soybeans:
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On sandy

soils,

limed with

a ton of calcium silicate slag, in East
Mississippi, the relative yield increase
values of the various phosphates for

soybeans were as follows: Superphosphate 100, concentrated superphosphate
74, 40 mesh fused tricalcium phosphate
66, 10 mesh fused tricalcium phosphate
56.

On limed sandy soils the
Sericea:
relative yield increase values of the
various phosphates for sericea follow:
Superphosphate 100, 10 mesh fused tricalcium phosphate 106, concentrated
superphosphate 78, and 40 mesh fused
tricalcium phosphate 69.
Alyce clover: On a limed sandy soil
in

South Mississippi the relative yield

values of the various phosphates for Alyce clover follow: Superphosphate 100, 10 mesh fused tricalcium phosphate 89, 40 mesh fused tricalcium phosphate 77, and concentrated superphosphate 71.
Corn: In a corn-vetch rotation the
vetch was fertilized with 43 pounds of
PoO,- each year. The corn was fertilized
with nitrogen only. Under these conditions relative yield values of the variSuous phosphates for corn follow:
perphosphate 100, basic slag 111, dicalcium phosphate 100, concentrated superphosphate 89, calcium metaphosphate 89.
increase

Rock Phosphate and Colloidal
Phosphate
The following summary statements
the experimental data
available.
Relative yield values for
these materials are based on the in-

include

all

of

Since 1887 over 1500 field tests have
been conducted in Mississippi to determine the phosphate needs of many
crops. These tests have been conducted throughout the state by the Mississippi State College Agricultural Experiment Station.
They have shown
that unfertilized soils in the Hill section are now deficient in phosphate and
have been since they were first cleared.
The long-time tests indicate that

row-crop land which has been

fertiliz-

503

creased yield from superphosphate as
100:
1.
Rock phosphate added at a double rate of P^O.- produced relative yield
increases of 54, 61 and 70 for cotton,
pastures, and cowpeas, respectively.

added at a
produced relative
yield increases of 35, 50, 58, and 58, for
oats, corn, cotton, and pasture, respec2.

Colloidal phosphate

double rate of

PoO^^

tively.

An average of three ten year
with cotton showed the residual
efficiency of rock phosphate to be onehalf that of superphosphate.
For the
residual studies both materials were
added at the same rate of PoOg.
4.
A seven-year test with cotton,
corn, and cowpeas showed that rock
phosphate added at a quadruple rate
of PoO^ produced as much cowpea hay
as superphosphate, but produced 3
bushels less corn, and 51 pounds less
seed cotton per acre.
3.

tests

High Analysis

Fertilizer

Over a three year period at four
1.
locations high analysis fertilizer (mixtures containing more than 30 units of
plant food) have produced as much cotton and oats as conventional type mixtures of the same ratio.
2.
The better cotton yields were obtained with high analysis nitric phosphate fertilizers containing calcium and

sulfur.

Earlier growth of winter oats and
3.
wheat was obtained with high analysis
fertilizer

more

having

of its P2O5 in

about one-half or
water soluble form.

ed with large amounts of an available
phosphate, and has not eroded badly,
contains more phosphate now than

when

first cleared.
In contrast, the soils of the Delta
for the most part have never been, and
are not yet deficient in phosphate.
These good Delta soils do not contain

more phosphate now than when
cleared as do some of the Hill

first
soils,

because very little phosphate has been
added. Field and laboratory tests are

PHOSPHATE FERTTLIZERS
being conducted by Mississippi Experiment Station workers each year in order to determine

when

the phosphate

level of these soils might become critical.
Results of 242 field tests with
corn and cotton indicate that 15 to 20
percent of Delta soils need phosphate
now. Results of chemical tests showed that of 2728 soil samples tested,
23 percent were low in available phosphate.

CROP RESPONSE TO
PHOSPHATE
the Hill section
in
that yields of pasture,
forage, and several truck crops have
been increased from 40 to 70 percent
or more by phosphate fertilizers. Cotton, oats, and velvet bean yields have
been increased about 25 percent while
corn and sorghum silage yields have
been increased less than the others, the
increase being of the order of 15 perIt should be pointed out that
cent.
regardless of the response of silage
crops to phosphate, the several tons of
roughage that are harvested will after
a few years deplete the soil of phosphate, potash, lime, and nitrogen. Forage and silage crops remove from the
soil more phosphate, potash, and lime
than do cotton, corn, and other crops
grown for seed or fruit.

Experiments

(Table

1)

show

Results from the Delta experiments
(Table 2) show that alfalfa yields have
been increased 10 percent by phosphate
fertilizer.
All other crops tested have
been increased less than 10 percent.

The key to efficient fertilizer usage,
whether it be in the Delta or in the
Hills, whether it be on good land or
poor, is to have the soil tested.

Cotton Response to Phosphate
Of the 1500 field tests conducted to
determine the phosphate needs of crops,
779, or more than half of them, involved cotton. For this reason a large area
By
of the state has been included.
grouping the data from these tests according to soil areas of the state, an
indication of the variability of response
to phosphate within the state was obtained (Table 3). The rate of phosphate

7

used varied from 30 to 40 pounds of
PoO- per acre, which is equal to that
found in 300 to 400 pounds of a 5-10-5
fertilizer.

Cotton yields on sandy soils in the
Longleaf Pine, Northeast Highland, and
Sand Clay Hill areas in the eastern half
of the state were increased 40, 33, and
28 percent, respectively. Cotton yields
in the Northeast Prairie on heavy soils
were increased 22 percent by 38 pounds
of P^O- in the fertilizer. Cotton yields
in the Brown Loam area on silty soils
were increased 20 percent by 36 pounds
of PoOg in the fertilizer.

The number of tests from the Pontotoc Ridge area is too limited for generalization. The tests conducted in the
Flatwoods area were on soils which
acid.
These factors
should be considered in interpreting the
yield data in Table 3, which show that
phosphate increased the cotton yield
13 percent in the Flatwoods and 4 percent on the Pontotoc Ridge soils.
An average of all tests in the Hill
section shows that 4.8 pounds of seed
cotton were obtained for each pound of
PoOr, used in the 300 and 400 pounds of

were extremely

5-10-5 fertilizer. In contrast, the average of all tests in the Delta shows a
yield increase of 1.5 pounds of seed cotton for each pound of P2O5 up to 40
pounds per acre (Table 3). As stated
before only 15 to 20 percent of the

Delta soils on which tests were conducted needed phosphate, so the average figure means very little as regards

any

specific situation.

Many

of the soils in the east Delta
are older than those in the west Delta,
and they are sometimes mixed with
soil washed down from the hills.
For
these reasons the 242 tests conducted
in the Delta were divided into those
carried on in the east and those carried
on in the west. Cotton yield in the
eastern part of the Delta was increased
an average of 5 percent while that in
the west was increased 2 percent by
the addition of 40 pounds of P20r, in the
These data are
fertilizer (Table 3).
important in that they indicate that
more phosphate deficient soils may be
found in the eastern part of the Delta
than in the western part.

I
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Table

3.

Cotton response to phosphate in various

Soil area

tests*

Longleaf pine
_

45
151
49
67

—

84
123
18
537
106
136
242

N. E. Highland
Sand clay hills

Flatwoods

...

.

N. E. Prairie

Brown loam
Pontotoc

ridge

HILL SECTION
East delta
West delta

-

DELTA

'A test

is

ID.

/

yr.

A

779 tests

Increase due to

of

seed cotton:

fzyjs

added
each

— 1889-1952.

areas of Mississippi.

soil

Average yield
IN O.

9

Without
With
phosphate phosphate
lb. /A
lb. /A

30
37
33
33
38
36
32
35
40
40
40

580
610
635
654
673
876
908
696
1572
1713
1651

Per

Lb.

Percent

per
acre

810
814
805
742
823
1050
941
863
1658
1754
1711

lb.

40
33
28

230
204
170
88
150
174
33
167
86

7.7
5.5
5.1
2.7
3.9
4.8
1.0
4.8
2.1
1.0
1.5

13
22

20
4
24
5
2
4

41
60

of

P2O5

defined as one experiment at one location for one year.

Again it should be emphasized that
the results reported here should be interpreted in the light of soil tests for a
given field, and no attempt should be
made to apply these average yield increased figures to a specific location.

The experiments described here have
shown the response of crops to one
average rate of phosphate. In order to
determine the most profitable amount
of phosphate to use for a given location,
it is necessary to determine the response of a crop to a wide range of
rates of applied P2O5.

RATES OF PHOSPHATE FOR

ROW CROPS AND PASTURES
In order to determine the response
of crops and pastures to different rates
of phosphate, experiments have been
conducted in recent years in the Hill
section with cotton, oats, vetch, winter
grazing crops, and spring and summer
Representative soils have
pastures.
been selected and the experiments for

the most part have been conducted on
Mississippi Branch Experiment Stations
located at Holly Springs, Tupelo, PontoBrooksville, Newton, Raymond,
toc,
and Poplarville. The soils included,
among others, the following: Grenada,
Pheba, Ecru, Houston, Prentiss, Loring,
and Norfolk. These experimental fields
have had excellent cultural practices

such as weed and insect control, ample

amounts of nitrogen for row crops, and
good seed bed preparation.
Cotton:
In order to determine the
quantity of phosphate required for cotton production, experiments were set

4.
Rates of phosphate under cotton in
the Hill section using in addition to the

Table

phosphate

36

pounds

N

of

and

36

pounds

K2O.
Yield of seed cotton in Ib./A

New-

Rates
of P2O5

Brooks-

Ray-

ton

mond

Aver

ville

Ib./A

1948-51

1948-52

1948-51

lb. /A

0

624
925
975

24
48

up

885
990
1017

at Brooksville,

mond on Houston

794
1097
1080

age
777
1002
1023

Newton, and Ray-

Prentiss fine
loam, respectively (Table 4). The rates of phosphate used were 0, 24, and 48 pounds
of PoOr, per acre.
In addition to the
phosphate, 36 pounds of nitrogen and
36 pounds of K2O per acre were used.
The fertilizers were mixed and applied
by hand in the row and then covered
with a moldboard plow. The experimental design employed was a randomized block with five replications.
clay,

sandy loam, and Olivier

silt

At Brooksville, 24 pounds of P2O5 increased the yield of seed cotton 301
pounds, or from 624 to 925 pounds per
acre. This experiment covered a fouryear period from 1948 to 1951.
At
Newton, using a five-year (1948-52)
average, 24 pounds of PoO,^ increased
the yield of seed cotton 105 pounds per
acre, or from 885 to 990 pounds per
acre.
At Raymond, for four years
(1948-51), 24 pounds of PoOr, added each
year increased the yield "of seed cotton
303 pounds, or from 777 to 1002 pounds
per acre.
At none of the locations referred to
above did the 48 pound rate of PgO^
increase the yield over that obtained
with the 24 pound rate by more than

MISSISSIPPI
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50 pounds of seed cotton per acre. The
results of these experiments indicate
that for cotton the average yield increase per pound of phosphate in the
fertilizer would be obtained with a rate
approaching 24 pounds of PoOj^ per acre
(Table 4). If the lack of nitrogen, potash, lime or sulfur limits the growth
of cotton, the phosphate will be less
effective.

Another experiment involving the
0, 24, 48 pounds

response of cotton to

was established at Holly Springs
on Grenada silt loam, which had been
of PoOr,

pH

limed to

pH

and

5.1,

pH

8.0 in 1943

6.0,

pH

(Table

pH

6.5,

5).

7.0,

The pur-

pose of this experiment was to determine the optimum pH for cotton production and the influence of lime on
the availability of applied phosphate.
The test has been in progress continuously for nine years, 1944-52. Nitrogen
and potash were added from 1944 to
1950 at rates of 36 pounds per acre.
After 1950, 48 pounds of nitrogen was
applied. Enough lime was added each
year to neutralize the acid forming effects of the nitrogen.
Each year the

was banded

fertilizer

in the

row and

covered with a moldboard plow. The
experimental design was randomized
plots in which the whole plots
were fertilizer rates and the split plots
were different pH levels. The results
of this experiment on the unlimed soil
show an increase of 30 pounds of seed
cotton for the 24 pound rate of PoOr,.
For the next P2O- rate of 48 pounds,
there was an increase of 155 pounds of
seed cotton over that produced by 24
pounds of PoOr,. On the soil limed to
a pH of ^6.0, 'the 24 pound rate of P0O5

split

Table

5.

cotlon

Rates
of

P2O5*
Ib./A

Rales of phosphale and lime under
al Holly Springs, 1944-52.

Average yield

pounds

of seed cotton on fields limed** to pH as follows:

pH

5.1
lb. /A

1

1

pH

in

6.0

Ib./A

1

1

pH

6.5
lb. /A

1

i

pH

7.0

Ib./A

pH

increased the yield by 69 pounds of
seed cotton and there was no further
increase for the 48 pound PgOr, rate.
This indicated that lime probably increased the availability of the soil phosphate and improved the efficiency of
the fertilizer phosphate. The results of
this experiment showed that a pH of
6.0 to 7.0 was optimum for cotton production on Grenada silt loam.
The
data further indicated that one pound
of fertilizer phosphate produced more
cotton at pH 6.0 than did two pounds
at pH 5.1.

Oats: For the purpose of determining the amount of phosphate needed for
oat grain production, tests were conducted at Holly Springs, Newton, Ray-

mond, and Pontotoc on Grenada silt
loam, Prentiss fine sandy loam, Olivier
silt loam, and Ecru silt loam, respectively (Table 6).
The rates of phosphate
were 0, 60 and 120 pounds of P2O5 per
acre.

In addition to the phosphate, 120

pounds of nitrogen and 50 pounds of
KoO were used. Sixty pounds of the
nitrogen was added in the fall and 60
pounds top dressed in March. The fertilizers added in the fall were broadcast
by hand on the surface of the ground
and then disked in lightly. It should
be pointed out that recent work involving the effect of placement of fertilizer
for oats indicates that fertilizer applied
in bands 8 to 16 inches apart, a few

inches below the surface and to the
side of the seed, improved the efficiency
of the fertilizer.
The design of these

experiments was randomized
with five replications.

blocks

At Holly Springs, 60 pounds of PoO,;
increased the yield of oats by 12 bus'hels, or from 48 to 64 bushels per acre.
At Newton,

60

pounds

of P^O,^ increas-

ed the yield by 13 bushels, "or from 35
to 48 bushels per acre.
At Raymond,

8.0

Ib./A

1026
1003
966
879
1095
1104
1120
909
1164
952
1064
1141
1146
1175
1059
*Also fertilized with 36 pounds of
and 36
pounds of K2O until 1950. After 1950 48
pounds of N was used.
** pH 5.1, no lime; pH 6.0, 1805 pounds lime;
pH 6.5, 2566 pounds; pH 7.0, 3391 pounds;
pH 8.0, 6803 pounds. Lime added in 1943.
0
24
48

N

Enough lime was added each year
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there-

after to neutralize physiological acidity of
the added nitrogen.

Table 6. Phosphate rates for oat grain production in the Hill section using in addition to the phosphate, 120 pounds of nitrogen and 50 pounds of potash per acre.
Yield of oat grain in bu./A
Holly
NewRayPonP2O5 Springs
ton
mond totoc

Average

Ib./A

lb. /A

Rates
of

1951

0
48
60
60
120
64
L.S.D. .05 12

1951-52
35
48
52
12

1951-52

42
56
59

1952

46
48
50

41

53
56

PHOSPHATE FERTILIZERS

11

Table 7. Phosphate (P2O5) rates for white clover, lespedeza, dallis grass pastures grown on
limed soils in Hill section of Mississippi. Lime and fertilizer incorporated in surface six
inches of soil at planting. Fertilizer top dressed each year thereafter.
Yield of pasture forage in

Annual

lbs. /A at:

Brooks-

rates of

P2O5*

Newton

Raymond

ville

Tupelo

lb. /A

1948-51

1950-51

1950-51

1950-51

2182
4147
5164
5265
225

4683
6072
6780
7076
349

1496
3301
4872
4823
206

3783
5049
4880
4774

0

30
60
90
L.S.D.

(.05)

*Also limed to

pH

6.0 at

Also received 100

planting.

Holly
Springs

Poplarville

Average

1950
6241
6906

1950

Ib./A
2955
4445
5167
5231

6944
6573
lbs.

565
1005
1343
1787

potash per acre.

the same amount of P0O5 increased the
yield by 14 bushels or from 42 to 56
bushels per acre. At Pontotoc the increase was 2 bushels which is probably
within the limits of experimental error.

at the beginning of the three year period.
Results reported here are those
from the plots receiving the fertilizer

At neither location has the 120 pound
rate of PoOr, increased the yield more

ville

than 4 bushels per acre over that obThe
tained with the 60 pound rate.
results of these experiments show that
the greatest increase in yield per pound
of phosphate in the fertilizer was obtained from a rate of about 60 pounds
of P,0,.

In
Pastures, Spring and Summer:
order to determine the amount of phos-

phate needed for white clover, dallis
grass, and lespedeza pastures, experiments have been conducted at Newton,
Raymond, Brooksville, Tupelo, Holly
Springs, and Poplarville on Prentiss,
Olivier, Falls, Tilden, Grenada, and

Bowie

soils,

respectively (Table

7).

The

rates of phosphate were 0, 30, 60, and
90 pounds of P2O5 per acre added annually.
The soil was limed to pH 6.0
Each year 100
to 6.5 at planting time.
pounds of muriate of f)otash has been

The fertilizer and lime were
added.
broadcast by hand on the surface of a
well-prepared seed bed and disked into
the top six inches the first year. Subsequent additions of phosphate and potash fertilizers have been top dressed
by hand each year in the spring. There
were six replications in a split plot design with the sub-plots being fertilizer
combinations and the whole plots being
frequency of application. Space does
not permit discussion of the frequency
However, 60
here.
application
of
pounds of PoO^ applied every year for
three years p'roduced significantly more
forage than 180 pounds applied once

every year.

At Newton, Raymond, and Brooksthere were significant increases
in yield up to 60 pounds of PgOg per
acre.
Difference in yields between 60
and 90 pounds of P2O5 was not significant at these or any of the other locations (Table 7). There was a marked increase for all rates of PoO^ at Poplarville, but the yields were considerably
lower than at the other locations.

At Holly Springs and Tupelo marked increases in yield of pastures were
evident for the 30 pound P^O^ rate, but
no additional increase was apparent for
the 60 and 90

pound

rate.

The

field at

Holly Springs had been fertilized in
recent years, and at the time of planting, 45 pounds of dilute acid soluble
phosphate was present in the soil.

The

results of these experiments inthat for pastures, the greatest
average yield increase per pound of
phosphate in the fertilizer was obtained with the first increment of 30 pounds
per acre of PoO^ added each year on
limed soils. If the lack of lime, potash,
or inoculation limits the growth of pasture, the return from the phosphate will

dicate

be

less.

Another experiment

to study the response of pastures to 0, 40, 80, and 120
pounds of P20r3 per acre was established
at Raymond on limed and unlimed
Olivier silt loam. The unlimed soil was
pH 5.2 and the limed soil was pH 6.3
(Table 8). The cultural practices and
experimental design were the same as
described above for the other white
clover, dallis grass, lespedeza pasture
experiments. This test has been car-

MISSISSIPPI
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ried on for five years

pings have been
simulate grazing.

and three

clip-

made each year

to

results of this experiment show
significant and progressive increases
from the 40 and 80 pound rates of phos-

The

phate on the unlimed

(pH

5.2)

soil.

The increase

of 429 pounds of forage
effected by the 120 pound rate over the
80 pound rate of PoO^ is a significant
difference on the unlimed soil at odds
10 to 1. In contrast, on the limed soils
(pH 6.3) a significant increase was obtained for the 40 pound rate of PgO^
over the check (no P^Or); no significant
increase was obtained from either the
80 pound rate over the 40 pound rate
or the 120 pound rate over the 80 pound
rate. However the 120 pound rate was
significantly greater than the 40 pound
rate.
The yield of 4537 pounds of dry
forage on the limed soil with a 40 pound
rate of PgOg was equal, within the
limits of experimental error, to the 4462
pounds of forage produced on the acid
soil with 120 pounds of P^O^ (Table 8).

In the experiment previously reported concerning the influence of Ume on
utilization of phosphate by cotton, the
data indicated that one pound of fertilizer phosphate produced more cotton
at pH 6.0 than did two pounds at pH
For pastures these results clearly
5.1.
indicated that one pound of fertilizer
phosphate produced more herbage at
pH 6.3 than three pounds did at pH

was

5.3)

clearly evident
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from the

re-

sults of these experiments.

Pastures, Winter, Oats: Experiments
were inaugurated in 1948 to determine
the amount of phosphate needed by
winter oat pastures.
The first three
years, 1948-50, the oats were cut for
forage in February or March, then top
dressed with nitrogen, and harvested
for grain in June. On the whole, this
practice was not very successful, and
it was concluded that it would be better to split the field, allowing a portion of the oats to be grazed as long as
needed, and allowing the other part of
the field to be used only for grain production. To this end, the experiments
were modified and in 1951 and 1952
grain was harvested from one plot and

forage from another (Table 9). The
design of the experiment was randomized blocks with five replications.
In
addition to the nitrogen and phosphate,
50 pounds of KoO was used. With high
rates of nitrogen it is usually necessary
to apply potash for oat production on
sandy soils. The fertilizers were broadcast by hand on the surface of the
ground and disked in lightly. Sixty
pounds of nitrogen was added in the
fall with the phosphate and potash. An
additional sixty pounds of nitrogen was
top dressed on the oats in March. It
should be pointed out that the results

That lime improved the efficiency of
phosphate fertilizer to the extent that
one pound of phosphate on a limed

of fertilizer placement experiments with
oats have indicated that the efficiency
of the fertilizer could be improved upon by placing it in bands as long as
it is not placed directly in contact with,
the seed.

(pH 6.0 - 6.5) equalled two to
three pounds on an acid soil (pH 5.0 -

At Holly Springs on Grenada silt
loam, 60 pounds of PoOg increased the

Table 8. Rates of phosphate and lime on
white clover, dallis grass, lespedeza pas-

Table

5.2.

soil

ture, 1948-52,

Annual
rates of

P2O5*
lb. /A

limed** to:

pH

0

40
80
120
L.S.D.

Raymond.
Dry forage yields in
pounds per acre on fields

.05

5.2

2677
3550
4023
4462
491

1

pH

6.3

3329
4537
4729
5136
491

"Phosphate and 100 pounds of K2O applied
annually.

**pH 5.2, no lime; pH 6.3. 2000 lbs. /A. Lime
and fertilizer disced in a well prepared seed
bed in 1948. Fertilizer top dressed thereafter.

Phosphate rates for winter oat pas9.
lure in the Hill section.

Yield of dry oat forage** in lbs.
per acre
AverNew- Rayrates of Holly
mond Tupelo age
ton
P2O5' Sp-'ings
Ib./A 1948-52 1948-52 1948-52 1949-50 Ib./A

Annual

1772
245
1325
2093
2528
1902
2676
2058
2267
'Also received 45 pounds of N in 1948, 1949,
and 1950: received 120 pounds of N in 1951
and 1952. Fifty pounds K2O were also
0
60
120

1413
2036
2191

1221

1790
2016

added with the P2O5.
**From 1948 to 1950 oat grain and forage were
taken from the same plots; after 1950 oat
grain and oat forage were harvested from
different plots.
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yield of forage 623 pounds, or from
1413 pounds to 2036 pounds per acre
(Table 9). At Newton on Prentiss fine
sandy loam, 60 pounds of 'P2^c^ increased
the yield of forage 569 pounds or from
1221 to 1790 pounds per acre. The increase in oat forage effected by 60
pounds of PoOr, at Raymond on Olivier
silt loam was 756 pounds, or from 1772
to 2528 pounds per acre for a five
year period. At Tupelo on Tilden fine
sandy loam, 60 pounds of P20rj increased dry oat forage 1657 pounds, or from
245 to 1902 pounds per acre.

At no location did the 120 pound
rate of PoO^ increase the yield of oat
forage over that obtained with the 60
pound rate by more than 226 pounds
per acre. The results of these tests indicate that for oat forage, the greatest
average yield increase per pound of
phosphate in the fertilizer, was obtained with a rate of about 60 pounds of
P2O5 per acre. If the lack of nitrogen,
potash, or lime limits the growth of
oats, the efficiency of the phosphate
will be decreased.
Good seed bed
preparation and early September planting of oats are essential for high production of winter oat pastures.
Pastures, Winter, Vetch:
Vetch is
often grown with oats for winter pastures or alone in a corn or cotton rotation.
In order to determine how much
phosphate is needed for vetch, experiments were carried out during the period from 1941 to 1944 at Smithville,
Columbus, Aberdeen, Amory, Poplarville.
Holly Springs, and Raymond
(Table 10). The soils were respective-

Kalmia, Paden, Cahaba, Amite, and
Ruston fine sandy loams and Grenada
and Olivier silt loams. The rates of
phosphate used were 0, 45, 90, and 135
pounds of PoO- per acre. The soil was
limed to a pH of 6.0 to 6.5 but no other
ly

Table

10.

13

amendments were used. The ferwas applied by hand in the

soil

tilizer

row and covered with

a

moldboard

plow.

At Smithville yields of vetch were
progressively increased from the lowest
rate of 45 pounds of P^O^ per acre up
to the highest rate of 135 pounds of
P^Or, per acre (Table 10). At Columbus,
Poplarville, Holly Springs, and Raymond yields were progressively increased by rates of PgO^ up to 90 pounds per
acre.
At Aberdeen and Amory 45
pounds of P2O5 gave the greatest return
per pound of P2O5 added.
At only one location, Smithville on
Kalmia fine sandy loam, did the vetch
need 135 pounds of P2O5. At Holly
Springs,
Raymond, Columbus, and
Poplarville 90 pounds of P20r5 was ample

for

vetch

production,

while

45

pounds of P2O5 was sufficient at Amory
and Aberdeen. The results of these experiments emphasize the need for testing the soil to determine the amounts
of phosphate fertilizer which may be
used most economically.
These tests have shown the rate of
phosphate which was most practicable
for various crops at several locations.
In order to determine the best kind of
phosphate to use, it is necessary to compare many different kinds for many
years at many locations.

DESCRIPTION OF MATERIALS
Many soils in Mississippi are low in
and,
therefore,
available phosphate
large quantities of phosphate fertilizers
are needed to obtain satisfactory crop
There are several kinds of
yields.
phosphate materials presently being
used and others that may be used in
the future if found satisfactory. Among
the materials in use today are basic
slag,

Response of velch to rates of nhosphate
on limed soils, 1941-44.

calcium metaphosphate, colloidal

fertilizer at

seven locations in the Hill

section of Mississippi

Annual
rates of

Yield of vetch In pounds of green hay per acre at:
Holly
ColumPoplarRayAberville
Springs
bus
Amory
ville
mond
deen

Smith-

P2O5

1941-44

1941-42

1941-42

1941

1941

1941-42

1941-44

lb. /A

Ib./A
4684

lb. /A

Ib./A

lb. /A

lb. /A

lb. /A

lb. /A

5400
8376
10284
11520

3206
4968
4584
5264

15888
18544
18784
17552

11413
11800
16920
18560

2620
3420
5100
5134

5703
6300
8076
7540

0

45
90
135

6944
7640
8520

Weighted
Average
lb.

/A

5706
7303
8657
9012

In-

crease
lb. /A

1597
2951
3306
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superphosconcentrated
phosphate,
phate, fused tricalcium phosphate, rock
phosphate, and ordinary superphosphate. These materials vary considerably in solubility and usually the more
soluble in water, the more quickly it

It contains a relatively
evaporated.
high proportion of clay and may be
considered as rock phosphate diluted
It contains 18
v/ith colloidal material.
to 23 percent P2O5, most of which is
insoluble in water or ammonium ci-

becomes available to plants. Citric
acid and ammonium citrate are used
in laboratory tests to determine avail-

trate.

ability of phosphate.

and the

soil

The kind of crop
it is grown in-

on which

considerable extent the
availability of the different phosphate
materials. Before discussing the comparative availability of these materials
as measured by plant growth, the methods of preparation and some of the
chemical properties of these fertilizers
will be described briefly.
fluence to a

A

by-product of the
manufacture of steel from phosphatic
Basic Slag.

iron ores. Steel made from ores containing phosphorus is brittle unless the

phosphorus is removed. Lime is used
The resulting
in the removal process.
slag is finely ground for agricultural
It contains 70 percent or more
lime equivalent, and 8 to 12 percent

use.

total PoOg,

which

is

insoluble in water

but largely soluble in citric acid. Basic
slag should not be confused with blast
furnace slag which is a calcium silicate
and contains only 1.0 to 1.5 percent
total PoOg and 80 percent lime equival-

Concentrated Superphosphate.

Also

known

as "double," "triple," or "treble"
superphosphate. It is made by treat-

phosphate with phosphoric
be regarded as equivalent
to ordinary superphosphate from which
most of the gypsum or land plaster has
been removed. It may contain up to
10 percent gypsum and 42 to 52 percent
ing

acid.

rock
It

may

P2O5.
It is largely monocalcium phosphate and most of the phosphorus is

soluble in water.

Dicalcium Phosphate. This is a byproduct from the manufacture of monocalcium phosphate for use in baking
powder. It is also produced as an animal feed supplement. It is obtained
by neutralizing with lime water the
acid solution of phosphate rock or processed bone. It contains 40 to 50 percent P2O5, nearly all of which is insoluble in water but soluble in am-

monium

citrate.

Fused Tricalcium Phosphate.

When

rock phosphate is heated in the presence of silica and steam to the fusion

It conto dissolve the glue.
tains 25 to 30 percent PoO^ which is insoluble in water but soluble in citric

point practically all of the fluorine is
expelled. This operation results in the
formation of tricalcium phosphate,
which is suitable as an animal feed
supplement or as a phosphate fertilizer.
It contains 27 to 28 percent P2O5,
none of which is soluble in water, but
over half of which is soluble in am-

acid.

monium

ent.

Bone Meal.

Of historical importance
product made by grinding animal bones that have been previously
only.

A

steamed

Calcium Metaphosphate. This material is prepared by treating rock phosphate with hot gaseous P2O5. The resulting slag is cooled and finely ground.
It contains about 60 to 64 percent P2O5
which is insoluble in water but soluble
in

ammonium

citrate solution.

Colloidal Phosphate.

It is a finely
divided raw mineral phosphate clay.
It is a by-product from the mining of
Florida rock phosphate by a hydraulic
process in which the fine material settles in ponds farthest from the washer
and is later removed after the water has

citrate.

This maconcentrated

Monocalcium Phosphate.
terial is quite similar to

superphosphate, containing 42 to 52 percent P2O5, practically all of which is
soluble in water.
Potassium Metaphosphate. This material has considerable potential as a
fertilizer material because it contains
two nutrient elements, phosphorus and
potassium. However, it has not been

produced on a commercial scale in large
quantities as yet. It contains about 50
It
percent P2O5 and 35 percent K2O.
has been tested in the field with other

PHOSPHATE FERTILIZERS
materials

that

are

presently

are recorded of experimental work with
phosphate fertilizers as far back as 1887.

on the

market.

Soon

Rock Phosphate. This material occurs in natural deposits in Florida, Tennessee, Idaho, Montana, Utah, and
Wyoming. The material is largely a
mineral called fluorapatite which may
be represented by the formula (Caj^^Fg
(P0^)(;).
good grade of rock phosphate contains 32 percent P20r,. It is
water insoluble and only slightly soluble in ammonium citrate. To be effective it must be finely ground and used
on soils that are acid in reaction.

phosphate

fertilizers

in Newton
County, at Holly Springs in Marshall
County, and at McNeill in Pearl River
County. Since that time hundreds of
at

Lake

experiments have been conducted by
the agricultural experiment station. Because of the quantity of data available
and the need for simplifying the presentation, the following procedure was
adopted.
The difference in yield between the no-phosphate treatment and
the ordinary superphosphate treatment
is given a rating of 100.
The increase
in yield over the no-phosphate effected
by each of the various materials is
then expressed as a percentage figure
relative to 100 for ordinary superphosphate.
Superphosphate is listed first
in the table proper, and all other kinds
of phosphate fertilizer are rated on the

soluble in water.

may be made

basis

of

their relative efficiency as
to superphosphate. The materials listed under superphosphate in
the tables are in the order of decreasing efficiency as phosphate fertilizers.
As an example, see Table 11.

by treating phosphoric acid with lime
water. It has been referred to as bone
phosphate of lime. This material contains about 40 percent P2O5, none of
which is soluble in water, but about
half of which is soluble in ammonium

compared

For convenience

in discussing the
the results of experiments are
divided into those obtained using cotton
and corn, and those obtained with pastures and forage crops.
Another section deals with the response of crops
and pastures to rock phosphate and
colloidal phosphate. Still another deals
with phosphate in high analysis fertilizers.
Where applicable each of the

citrate.

data,

Gypsum. Because this material
makes up one-half the weight of superphosphate,
It

with

were underway

Superphosphate. Made by mixing together equal weights of rock phosphate
and sulfuric acid. The resulting product consists of monocalcium phosphate
and gypsum in about equal amounts.
Ordinary superphosphate contains approximately 50 percent gypsum and 16
to 20 percent PoOg most of which is
It

after the turn of the century, ex-

periments

A

Tricalcium Phosphale.

15

it is
described briefly.
contains no phosphorus.
It is the

calcium salt of sulfuric acid. It is soluble to the extent of one pound in 1000
pounds of water and will furnish calcium and sulfur to plants.

PHOSPHATES FOR ROW
CROPS

above sections is subdivided into groups
which include the results of experiments conducted (1) before 1934, (2)
between 1934 and 1947, and (3) after
1947. Where possible conclusions were

Phosphate fertilization has been long
recognized as necessary for successful
crop production in Mississippi. Results

based on experiments conducted after
1947 because these experiments were
designed in such a manner that a statis-

EFFICIENCY OF VARIOUS

Table

11.

Response of collon and corn

lo

superphosphale and bone meal at State College,

1887-1888.

Total P2O5

Source of
phosphorus

Superphosphate
Bone meal

None

added
per

A

Average yield
per acre
Corn*
Cotton*
1

lb.

bu.

64
92
0

52
49
35

•Preceded by clover; corn grown on

Increase per
acre due to P.

Corn

1

Cotton

lb.

bu.

lb.

1860
1650
1485

17
14

375
165

hill land,

cotton on bottom.

Relative efficiency
(super = 100)

Corn
100
82

Cotton
100
40

MISSISSIPPI
tical analysis
results.
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could be applied to the

1887 on the State College
determine the response of cotton and corn to superphosphate and
bone meal (Table 11). This experiment
was conducted for two years and the
crops received no other fertilizer. Both
the corn and cotton were preceded by
The corn was grown on hill
clover.
land, probably Starkville sandy loam,
and the cotton was grown on bottom
land which today would be classed as
a Leeper or Kaufman fine sandy loam.
According to the results of this experiment, the relative yield increases for
bone meal (largely tricalcium phosphate) based on the increased yield
from superphosphate as 100 follow:
started in

Corn

the K2O from muriate of potCottonseed meal was used to
make up 10 percent of the nitrogen.
The fertilizer and lime were applied
in the furrow and covered with a "middle buster" plow.
There were four
systematic replications of each treatment.

and

to

82,

and cotton

40.

Cotton and Corn Experiments

from 1934-1947
Sources of Phosphorus for Cotton. An
expefiment was started in 1934 to determine the response of cotton to monocalcium,

dicalcium,

and

tricalcium

phosphates under a wide range of conditions
(Table
Superphosphate
12).
was the standard source to which the
other materials were compared. Superphosphate plus lime was also included
to obtain a measure of the response
of cotton to lime. The phosphate materials were included in a fertilizer
mixed by experiment station workers

and applied

at a rate of 400 pounds of
4-8-4 per acre.
Most of the nitrogen
was derived from sulphate of ammonia.
Tcd)Ie 12.

all of

ash.

Cotton and Corn Experiments
Before 1934
The oldest experiment recorded was

Farm
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Under the conditions

of these 63 tests

with cotton, the relative yield increases
for the various treatments, based on the
increased yield from superphosphate as
100 are as follows:
Superphosphate
plus lime 139, monocalcium phosphate
105, dicalcium phosphate 100, and tricalcium phosphate 82.
It is evident
from these tests that cotton responded
to lime and that the more soluble monoand dicalcium phosphates were more
available to cotton than tricalcium
phosphate.

Sources of Phosphorus for
Another experiment was conducted from 1935 to 1939, under a wide
range of conditions to determine the

Other

Cotton.

response of cotton to concentrated superphosphate, dicalcium phosphate, tricalcium phosphate, basic slag, and rock
phosphate. Ordinary 20 percent superphosphate was the standard material to
which the other sources were comparLime was added to concentrated
ed.
superphosphate in another treatment to
determine the response of cotton to
lime, and to neutralize the acid-forming qualities of sulfate of ammonia
which was the source of nitrogen in
all of the fertilizers.
K^O was added
All of the maas muriate of potash.
terials were mixed before planting and
applied at a rate of 400 pounds of 4-8-4
fertilizer per acre.
The fertilizer was
applied in the furrow and covered with
a "middle buster" plow.
There were

Cotton response to lime and to sources of phosphorus in 400 pounds of 4-8-4; 63

tests, 1934-39.

Relative efficiency

Source of phosphorus

Seed

in 4-8-4**

cotton
_

No phosphorus

lb. /A

(Response to
Increase over
no phosphorusi superphosphate =
1

100)

lb. /A

645

Superphosphate
100
127
....
772
Superphosphate plus lime*
139
177
822
Monocalciurrf phosohate
105
133
778
Dicalcium phosphate
100
126
771
Tricalcium phosphate
82
104
749
*200 pounds of calcium lime added per acre per year.
-Sulfate of ammonia and muriate of potash used with the various phosphates to make up
the 4-8-4 fertilizer, 400 pounds of which were added per acre each year.
•
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two

systematic replications of each
treatment. The results are reported in

Table 13.
According to these 97

tests

with

cot-

ton the relative yield values of the
various treatments based on the increased yield from superphosphate as
100 follow:
concentrated superphosphate plus lime 140, basic slag 119, dicalcium phosphate 106, concentrated superphosphate 94, tricalcium phosphate
71, and rock phosphate 48.
The results indicate that cotton responded to
lime added as such and to that contained in basic slag.
The sulfate in

the

ammonium

sulfate should be sufficient to furnish the sulfur needs of
the crop. Therefore, the difference in
the repsonses of the sources are due
to the calcium content, degree of soil
acidity, or differences in solubility of

the phosphorus. The more soluble concentrated superphosphate and dicalcium phosphate were more available to
cotton than tricalcium phosphate or
rock phosphate.

Corn, Vetch Rotation.

This experiment was started in 1938 at a number
of locations on sandy soils in Northeast Mississippi to determine the relative efficiency of various phosphate
fertilizers on limed and unlimed soils.
The lime applied to the vetch was drilled at a rate of 400 pounds of dolomite
per acre. The vetch was also fertilized

with 43 pounds of

PgO., and 25 pounds
Corn was fertilized with 30
pounds of N from sulfate of ammonia,
but all other fertilizer and lime were
added to the vetch. The corn check
plots received no fertilizer nitrogen,

of K2O.

therefore, the increased yields of corn
(Table 14) result from the addition of
Table

13.

17

nitrogen as well as from the residual
phosphate and potash added to the
vetch. There were four systematic
replications of these experiments. Results of 13 tests with corn and 20 with
vetch are shown in Table 14.

The relative yield values of the various phosphates on limed soil, based on
the increased yield of corn from superphosphate as 100 are as follows: concentrated superphosphate 89, calcium
metaphosphate 89, dicalcium phosphate
100,

and basic slag

The

111.

relative yield values of the vari-

ous phosphates on limed soil, based on
the increased yield of vetch from superphosphate as 100 are as follows: concentrated superphosphate 106, calcium
metaphosphate 103, dicalcium phosphate 104, and basic slag 121. The results of these tests indicate that basic
slag was an excellent treatment for
vetch.
There was little difference in
the efficiency of the other materials
either for corn or vetch (Table 14). The

corn growth was retarded by the lack
of nitrogen. Under such conditions the
sources of phosphorus were not adequately tested. The vetch growth on
the unlimed soil was being retarded
by the lack of lime. Under conditions
of low calcium in the soil the yield responses to phosphorus sources were to
some extent influenced by the calcium
content of the various materials.

Cotton Vetch Rotation. An experito study the availability
of fused tricalcium phosphate, potassium metaphosphate, and superphosphate as measured by increased yields
of vetch and cotton was established in
1944 (Table 15). This test was conducted from 1944 to 1947 under a wide

ment designed

Cotton response to sources of phosphorus and lime in 400 pounds of

4-8-4,

97

tests, 1935-39.

Relative efficiency

Source of phosphorus

Seed

in 4-8-4

cotton
lb. /A

No phosphorus
Superphosphate
Cone, super plus lime*
Basic slag
Dicalcium phosphate
Cone, superphosphate
Tricalcium phosphate
Rock phosphate

.

563
684
733
707
691
677
649
621

Increase over

(Response to

no phosphorus superphosphate

=

100)

lb ./A

121
170
144
128
114
86
58

100
140
119
106
94
71
48

*Dolomitic lime added at rate of 115 pounds per a^^re per year to neutralize acidity of
(NH4)2S04, which was the source of nitrogen in the 4-8-4.

1
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range of conditions on sandy loam soils
In 1944 the phosin East Mississippi.
phate and calcium silicate slag were
put under the vetch. In 1945, 1946, and
1947, the nitrogen, phosphate, potash,
and calcium silicate slag were put
under cotton. In 1946, 500 pounds of
0-8-5 was put under vetch. The source
of potash was 50 percent muriate of
potash and the nitrogen was added as
ammonium nitrate. There were four
replications at each location. The experiments were conducted on sandysoils of

pH

5.0 to 5.7

and low

503

Relative yield increases of the various treatments, based on the increased
yield of cotton from superphosphate as
100 follow:
superphosphate plus lime
114, concentrated superphosphate 80,
40 mesh fused tricalcium phosphate 79,
potassium metaphosphate 72, and 10
mesh fused tricalcium phosphate 70.
Ordinary 20 percent superphosphate increased cotton yields 20 percent more
than did concentrated superphosphate.
This may be explained as being due
to the gypsum content of the ordinary
superphosphate.
About one-half of
ordinary superphosphate is gypsum
which contains calcium and sulfur.
Concentrated superphosphate as used

in avail-

able phosphate and potash.
The results of 30 tests with cotton and 17 with
vetch are presented in Table 15.
Table

14.
Crop response to calcium metar;hosphate, dicalcium phosphate, superphosphates,
and basic slag on limed and unlimed soils as measured by increased yields in 20 tests
13 tests with com following fertilized vetch on sandy soils in Northeast

with vetch and

Mississippi, 1938-44.

Yield increases over check
Green Wt.
Corn*
of vetch**
So'jrce of phosphorus

lb. /A

lb.

Relative efficiency of
phosphates. (Response to

superphosphate

Corn

/A

Unlimed
Check, no phosphate
Superphosphate
Cone, superphosphate
Calcium metaphosphate
Dicalcium phosphate
Basic slag

181

~ZIZ~ZIZ

Calcium metaphosphate
Dicalcium phosphate
Basic slag

Thirty pounds

10
21
9
8
8

_

_

1747

1

2798
2975
2876
2923
3006

9
10

100)

Soils
100
100
100
100

Limed

Check, dolomite
Superphosphate
Cone, superphosphate

=

Vetch

15361
2641
2635
2474
2622
3256

9
9
9

i

111
Soils***

100
100
94
99
123

—

100

89
89
100
111

100
106
103
104
121

N

as (NH4)2S04 to corn except the check, no phosphate; and the check,
dolomite plots. The increased yields are, therefore, influenced by nitrogen and phosphate
and not phosphate alone.
Vetch fertilized with 43 pounds of P2O5 and 25 pounds of K2O per acre annually.
*400 pounds of dolomite per year to vetch.
1 Check yields are total yields
per acre; all others are increases over check.
of

Table 15. Crop response to lime, fused tricalcium phosphate, potassium metaphosphate, and
superphosphates as measured by increased yields in 17 tests with vetch and 30 tests with
cotton on sandy loam soils in East Mississippi, 1944-47.
Yield increases**
over check, lb. /A

Source of phosphorus
in fertilizer*

Seed

Green wt.

cotton

of vetch
7465 1
2731
2589
2518
2593
2695
2785

Relative efficiency of
phosphates. (Response to

superphosphate — 100)
Vetch
Cotton

Check, no phosphorus
rating
rating
655
Superphosphate
100
100
293
Superphosphate plus lime*
95
114
335
Cone, superphosphate
92
80
233
Fused tricalcium phos. 40 mesh
95
231
79
Potassium metaphosphate
99
211
72
Fused tricalcium phos. 10 mesh
102
205
70
*1944; 48 lbs. P2O5, 1000 lbs. calcium silicate slag to vetch.
1945; 500 lbs. 6-12-4, 2000 lbs., calcium silicate slag to cotton, nothing under vetch following
cotton. N from NH4NO3: K?0 from muriate of potash.
1946; 500 lbs. 6-8-5, 2000 lbs. calcium silicate slag to cotton; 500 lbs. 0-8-5 under vetch. N from
NH4NO3; K2O from muriate of potash.
1947; 500 lbs. 6-8-5, 500 lbs. calcium silicate slag to cotton; vetch yields were not taken in
1947.
N fronf NH4NO3; K2O from muriate of potash..
**Weighted averages based on number of crops harvested; the experiment did not run the
full time at all locations.
1 Check yields are total yields per acre:
all others are increases over check.
1
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in these tests contained about one-third
as much calcium as 20 percent superphosphate and little or no sulfur. The
phosphorus in both materials was
water-soluble and was added at the
same rate. It is concluded that gypsum
made the difference. It is not possible
to determine from this
experiment
whether the calcium or sulfur in the
superphosphate was more effective in
increasing the yield, but the fact that

nitrate and potash from muriate of potash.
The experiments were arranged
in randomized blocks with six to eight
replications. The fertilizer, at the rate
of 400 pounds of 10-10-10 per acre, was
added by hand in the row middles and
covered with a mold board plow. The
results of these 10 tests with cotton are
shown in Table 16.

further increases were obtained by adding lime as calcium silicate slag substantiated the need for calcium and indicates that a portion of the increase
effected by the gypsum w^as due to its
calcium content.

yield of superphosphate as 100 follow:
concentrated superphosphate 83, 10
mesh calcium metaphosphate 74, 10
mesh fused tricalcium phosphate 71,
and 40 mesh fused tricalcium phosphate
The better yield increases obtain69.

Cotton Experiments After 1947

ed with ordinary superphosphate was
probably a result of its gypsum content.

Cotton Response to Superphosphates,
Fused Phosphates, and Calcium Metaphosphates:
This
experiment was
started in 1950 at Newton, Brooksville,
Holly Springs, and Raymond on Prentiss fine sandy loam. Hunt clay, Grenada silt loam, and Olivier silt loam,
respectively.
All of the soils had pH
values of less than 5.5 except the Hunt
clay, which had a pH of 6.2. The available phosphorus in the soils by a dilute
acid soluble method was as follows:
Newton, 5 lbs. /A: Brooksville, 7 lbs. /A;
Holly Springs, 17 lbs./ A; and Raymond
Significant responses to
11
lbs. /A.
phosphorus at odds 19:1 were obtained
The tests were conat all locations.
ducted for three years (1950-52) at Newton, Brooksville, and Holly Springs,
and for one year (1951) at Raymond.
fertilizers were made up with
phosphorus from the various sources indicated, with nitrogen from ammonium

The

Table

16.

Relative yield values from the various phosphates, based on the increased

Because of the high content of exchangeable calcium (29 m.e.) at Brooksville and the low content of exchangeable calcium (less than 2.05 m.e.) at the
other locations, comparisons of ordinary
superphosphate and concentrated superphosphate could be made on a soil
containing sufficient calcium with a
favorable reaction and on soils containing insufficient calcium with an unfavorable reaction. It should be pointed
out in this connection that there was
no difference in the two superphosphates at Brooksville where the calcium content of the soil was high, but
at Newton, Holly Springs, and Raymond where the calcium content of the

was low there was a difference in
favor of ordinary superphosphate which
contains more calcium than concentrated superphosphate. This would indicate that the calcium content of the
gypsum in superphosphate was responsoil

Cotton response to superphosphates, fused phosphates, and calcium metaphosphate.
Yield increases over check in pounds
of seed cotton per acre at
Holly
RayBrooksSprings
ville
mond
Newton

Source of phosphorus**
Check, no phosphate
Superphosphate
Cone, superphosphate
Calcium metaphosphate 10 M*
Fused tricalcium phos. 10 M*
Fused tricalcium phos. 40 M*
L.S.D.

M

.05

1950-52
407
942
854
748
757
727
81***
1

1950-52
87

1

568
578
480
323
377
174

M

1950-52
794 1
286
126
199
201
102
81***

1951

8241
464

means ground

100
83
74
71
69

184
16

332
416
241

means ground to pass a 40
to pass a ten mesh screen: 40
**Added at rate of 40 lbs. P2O5 each year. Also received 40 lbs.
from
lbs. of K2O from muriate of potash each year.
*10

Relative
efficiency

(Superphosphate = 100)

N

***New^ton and Holly Springs yields analyzed together.
1 Check yields are total yields per acre; all others are increases over check.

mesh

screen.
40

NH4NO3 and
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and rock phosphate were 32, 16, and
60 pounds per acre, respectively (Table

part for the differences ob-

served.

17).

EFFICIENCY OF VARIOUS

PHOSPHATES FOF PASTURE
AND FORAGES

Pasture and Forage Crop Experi-

Sources of Phosphorus for Cowpeas.

Basic Slag, Colloidal Phosphate, and
Superphosphate for Pasture. This experiment was conducted at Holly
Springs, Pheba, and Raymond on Grenada, Lufkin, and Olivier silt loam, respectively, from 1941 through 1946
(Table 18). The fertilizers were broadcast on top of the ground and worked
There were four repliinto the soil.
cations of each treatment. The mater-

One

comparing suslag,
and rock

of the oldest tests

perphosphate, basic
phosphate was started at Holly Springs
on an acid Richland silt loam in 1913
(Table 17). One-half of each plot was
cut for hay, and on the other half peas
were picked. There were two 1/20
acre "no fertilizer" check plots and one
1/20 acre plot consisting of four rows
for each of the sources of phosphorus.
None of the phosphate plots was limed.
However, one plot not included in results shown in Table 17 had been treated with lime alone and good response
to lime was obtained.
The purpose of
the test was to determine the relative
values of the various sources of phosphate that were being marketed at that
time.
The phosphate materials were
added at a rate of 200 pounds per
acre per year.

Under the conditions
year

test

of this threecowpeas, the relative

with

yield values of the various phosphates
based on the increased yield from superphosphate as 100 follow: basic slag
84 and rock phosphate 70.
The PoOrates for superphosphate, basic slag.
Table

ments from 1934-1947

17.

were applied annually at the fol500 pounds of basic slag,
200 pounds of superphosphate, and 400
pounds of colloidal phosphate. The
soils were acid and no lime was added.
Under the conditions of these pasture
ials

lowing rates:

tests the relative yield values for the
various phosphates based on the increased pasture yield from superphosphate as 100 follow:
basic slag 112
and colloidal phosphate 58 (Table 18).

Forage Crop Response to Various
Phosphates and Lime. During 1944 and
1945 experiments were conducted with
vetch, soybeans, sericea, and alyce clover on sandy soils in East Mississippi to
determine the relative efficiency of superphosphate, concentrated superphosphate, and fused tricalcium phosphates

Response of cowoeas to 200 oounds of rock phosphate, superphosphate, and basic
Springs— 1913-1915.

slag at Holly

Annual
rate of

P20»5
per A

Source of phosphorus

Superphosphate
Basic slag

Rock phosphate
None

_.-

__

Cowpea

yield

Increased yield

per acre
Grain
Hay

Grain

i

lb.

bu.

32
16
60
0

22
20
19
14

i

Hay

lb.

bu.

lb.

3240
3100
2990
2390

8
6
5

850
710
600

Relative
efficiency

super

=

100)

100
84
70

Table 18. Response of pasture grasses and clovers to colloidal phosphate, basic slag, and
superphosphate. Holly Springs, Pheba, and Raymond 1941-46.

—

Average green

Annual rate
of P2O5
Source of phosphorus*

per

A

lb.

Basic slag

40
40
80
None
0
*Materials added alone to pastures as follows:
400 lbs. of colloidal phosphate.

Superphosphate „
Colloidal phosphate

weight yield
per acre
of pasture
lb.

Increase
per acre

due to
phosphate

Relative
efficiency
(super = 100)

lb.

112
8933
3853
8517
3437
100
7083
2003
58
5080
500 lbs. basic slag, 200 lbs. of superphosphate,

PHOSPHATE FERTILIZERS
Vetch and sericea were
fine sandy loam near
Columbus, soybeans on Savannah fine
sandy loam near Corinth, and alyce
clover on Ruston sandy loam at Poplarville.
Each treatment was replicated
four times.
Each phosphate material
was tested on unlimed soil and on soil
limed with 1000 pounds of calcium sili(Table

phorus in both ordinary and concentrated superphosphates is equally solu-

19).

grown on Prentiss

cate slag.
At
some response

all

locations there

data indicated that gypsum in
the ordinary superphosphate made the
difference. As the soil was limed with
1000 pounds of calcium silicate slag,
these results suggest that the sulfur in
superphosphate is probably responsible
for the increases in forage on these
sandy soils (Table 19).
ble, the

was

calcium silicate slag.
For this reason, the performance of the
phosphate materials on limed soil will
be discussed.
to

Pasture and Forage Crop Experiments After 1947
Various Phosphates for Winter PasIn 1950 experiments were estab-

Under the conditions

of these tests
on limed soils with each forage crop,
the relative yield values for the vari-

ture.

lished

ous phosphates based on the increased
from superphosphate as 100 folVetch concentrated superphosphate 80, 40 mesh fused tricalcium phosphate 83, and 10 mesh fused tricalcium
phosphate 79; Soybeans concentrated
superphosphate 74, 40 mesh fused 66,
and 10 mesh fused 56; Serecia concentrated superphosphate 78, 40 mesh fused 69, and 10 mesh fused 106; Alyce
clover
concentrated superphosphate
71, 40 mesh fused 77, and 10 mesh fused
89 (Table 19).
yield
low:

21

—

—

—

—

These experiments show that ordinary 20 percent superphosphate produced around 20 percent more green forage
than concentrated superphosphate on
limed sandy soils. Because the phos-

at

Newton,

Brooksville,

and

Holly Springs on Prentiss, Hunt, and
Grenada soils, respectively (Table 20).
These soils contained less than seven
pounds of dilute acid soluble phosphorus except the Grenada soil which
contained 13 pounds. The pH of the
soils varied from 4.9 to 5.1, except for

Hunt clay which had a pH of
Fertilizer at the rate of 500
pounds of 12-12-12 was added annually. An additional 60 pounds of
was top dressed after the first harvest
All
of forage, generally in February.
of the fertilizers were broadcast by
the
6.8

N

hand.

No

lime was added.

On two

plots ordinary superphosphate and colloidal phosphate were
added at the rate of 666 pounds and
1000 pounds per acre, respectively.

additional

Forage crop response lo suoerDhosiohales and fused Iricalicum phosphates on limed
19.
and unlimed sandy soils ferlilized with 48 pounds of P2O5, 1944-45.

Table

Yield increases over check
lbs. green forage per acre
Sericea

Vetch

Source of phosphorus
Ib./A
Check, lime*
7909 1
Superphosphate plus lime.- 2098
Cone, superphosphate
plus lime
1679
Fused tricalcium phos.
40 M** plus lime
1740
Fused tricalciumr phos.
10 M** plus lime
1649
7737 1
Check, no lime
2600
SuperphosDhate
1926
Cone, superphosphate
Fused tricalcium phos.
40

M
M

.

Relative efficiency of phosphates
(response to superphosphate

=

100)

Sericea
les-

Alyce

Vetch

Soybeans

pedeza

rating

rating

rating

clover
rating

6687
11169

100

100

100

100

3460

8021

80

74

78

71

1236

3059

8561

83

66

69

77

1043
5322
3268
2296

4702
3694
3483
3247

9950
4871
10689
7223

79

56

106

89

100
74

100
70

100
93

100
67

96

71

Soybeans

les-

Alyce

pedeza

clover

Ib./A

lb. /A

lb. /A

7295
1866

4639
4443

1384

2136

2510

3353

7596

82

77

2428

1916

2663

7904

93

59

Fused tricalcium phos.

'

74
*1000 lb. /A calcium silicate slag. It was top dressed on lespedeza sod. It was broadcast and
worked into soil for the other crops.
**40
means ground to pass a 10 mesh screen.
means ground to pass a 40 mesh screen. 10
1 Check yields are total yields per acre;
all other yields are increases over the check.
10

M

M

76
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along with the same amount of nitrogen
and potash that was used with the othphosphorus. These
of
er sources

amounts of colloidal phosphate and superphosphate were broadcast on the
plots in 1950 and no additional phosphate has been added to them. The
experimental design was randomized
blocks with four replications. Results
in 1952, and those in 1953 not reported
here show that neither superphosphate
nor colloidal phosphate added once, at
the rates used, is capable of maintaining good yields of winter pasture for
four years. Annual applications of superphosphate or concentrated superphosphate at the rate of 60 pounds per
acre were essential for good growth
every year.
Because ordinary superphosphate was
applied in a different manner and at
a different rate from the other sources,
the standard for comparison in this experiment was concentrated superphosphate. Based on these 6 tests with winter pastures the relative yield values
for the various phosphates based on the
increased yield from concentrated superphosphate as 100 follow: calcium
metaphosphate 101, 40 mesh fused tricalcium phosphate 99, 10 mesh fused
tricalcium phosphate 86. The relative
values for superphosphate and colloidal
phosphate are respectively 92 and 35
(Table 20).

These tests with winter oat pastures
were conducted so that a measure of
the earliness in growth, as influenced
by the various phosphates, could be obtained. The data in Table 20 are aver-

503

age results for the full years' production.
Space does not permit a discussion or tabulation of the data by clippings.
It should be pointed out, however, that the early growth of winter
oats fertilized with materials containing a high percentage of water-soluble
phosphorus, such as ammo-phos, concentrated superphosphate, and ordinary
superphosphate, was frequently greater than that produced with the waterinsoluble phosphates such as the fused
tricalcium phosphate. This would permit more grazing during the early winter.

Various Phosphates for Spring and
Pasture. In 1948, experiments

Summer

were established at Newton, Raymond,
and Brooksville on Prentiss fine sandy
loam, Olivier silt loam, and Falls clay,
respectively (Table 21).
These soils
contained respectively 15, 4, and 18
pounds of dilute acid soluble phosphorus per acre. The pH of the Falls
clay was 5.6 and that of the other two
soils 5.2.
All the soils were limed to
about pH 6.0. The fertilizers were 40
pounds of PoOr, and 50 pounds of K2O
added as annual applications. The fertilizers and lime were broadcast by
hand in April onto a well prepared
seed bed and disced into the surface
four inches of the soil. The land was
then cultipacked, seeded to Dallis grass
and lespedeza, and cultipacked again.
White clover was seeded the following
fall.
Subsequent top dressings of phosphate and potash have been made each
year thereafter. No further additions
The design
of lime have been made.

Table 20. Response of winter oat oasture to calcium metaphosphate, superphosphates, fused
phosphates, and colloidal phosphate.
Yield increases over check in
pounds of dry forage at:
Holly
BrooksSprings
ville
Newton

Source of phosphorus*
Check, no phosphate
Cone, superphosphate
Calcium metaphosphate
Fused tricalcium phos. 40
Fused tricalcium phos. 10
Superphosphate**
Colloidal phosphate**
-

L.S.D.

.05

M
M

1952

—

1950-52
11141
2050
1981
1890
1428
1780
762
789

1951-52

1952
1401
3622
3707
3622
3804
3398
387
588

1

3276
699
828
876
775
777
626
516

Relative
efficiency
(cone,

super

=

100)

1

100
101
99
86
92
35

P2O5 per acre except superphosphate and colloidal. Also received
120 lbs. N from ammonium' nitrate and 60 lbs. of K2O from muriate of potash.
Superphosphate and colloidal phosphate added once at the rate of 666 pounds and 1000
*Added

at a rate of 60 lbs.

acre, respectively. Both materials represented $8.25 worth of fertilizer at time
of application.
yields are total yields per acre; all others are increases over check.

pounds per
1

Check

PHOSPHATE FERTILIZERS
the experiment was randomized
blocks with five replications.

of

COLLOIDAL, ROCK, AND

SUPERPHOSPHATE
COMPARISONS

Under the conditions
on

of these 11 tests
limed soils, the relative yield values

for the various phosphates based on the
average increased yields from superphosphate as 100 follow: concentrated
superphosphate 86, 40 mesh fused tricalcium phosphate 81, 10 mesh fused

23

Over the past

fifty

years numerous

tricalcium phosphate 66, and rock phosphate (double rate of P2O5) 61 (Table
The observed differences between
21).
ordinary superphosphate and concentrated superphosphate at Newton and

experiments have been carried out to
compare superphosphate with rock
phosphate and closely allied materials.
These studies have been made over a
wide range of soil and crop conditions.
Recent research along this line has included the mixing of superphosphate
with rock phosphate or colloidal phosphate. Results of these experiments

Raymond were

follow.

attributed to the sulfur
in ordinary superphosphate.

These data show that on limed soils
Newton and Raymond concentrated
superphosphate and 40 mesh fused tricalcium phosphate are about equally ef-

Rock Phosphate Experiments
Before 1934

at

pasture yields.
Within the limits of experimental error
rock phosphate at double the PoO^ rate
of the other sources did as well at Raymond as 40 mesh fused tricalcium phos-

fective

in

increasing

phate.

The tests just described have shown
the results chiefly of experiments with
processed phosphate materials. It has
been suggested that rock phosphate,
unprocessed except for grinding, may
be a good source of phosphate under
certain conditions. Recent shortages of
sulfur have again focused attention on
materials that are not dependent on
sulfuric acid for their manufacture.
Table

21.

One of the older experiments comparing rock phosphate and superphosphate was conducted at Holly Springs
from 1907 to 1913 using a cowpea, corn,
cotton rotation on an acid Grenada silt
loam (Table 22). The objective of the
experiment was to determine the rate
of P2O5 in rock phosphate that was
equal in crop producing efficiency to
the conventional rate of P2O5 (30
pounds per acre per year) from superIn addition to the phosphosphate.
phate, ten tons of stable manure were
used over the seven year period. Cowpeas and vetch were the summer and
winter legumes used in the rotation.
Yields of cowpeas were taken but the
vetch was plowed under as a green

Effect of phosphorus sources apnlied al a 40 pound P2O5 rale each year
production of white clover-Dallis grass-lespedeza pasture.

on limed

soils for the

Yield increases over check
in lbs. pasture forage per
A on:

Sandy

P2O5 added

at 40 Ibs./A

unless otherwise noted
source of phosphorus***

Check, lime**
Suprephosphate plus lime
Cone, superphosphate
.

.

plus lime
Fused tricalcium phos.
40
plus lime
Fused tricalcium phos.
10
plus lime

M
M

Rock phosphate
plus lime

(80 lb.

soil

loam
Clay
RayBrooks-

bilt

Newton

m'ond

ville

1948-50

1948-52

1949-51

862
1121

3329
1547

1326
1336

Relative efficiency of phosphates.
(Response 10 superphosphate = 100)
NewRayBrooks- Weighted
mond
ville
average
ton
1

1

1

1

1

1

1

100

100

100
103

86

100

859

1253

1371

77

81

832

1283

1126

74

83

85

81

1326

62

48*

99

66

44*

78*

48*

61

695

749*

P2O5)
496*

1211*

635*

*These values are significantly less than superphosphate values.
**Limed to pH 6.0. 1700 lbs. lime at Newton; 2000 lbs. at Raymond; and 3000 lbs. at Brooksville.
*** Annual applications.
50 lbs. of K2O per acre also added annually.
1 Check yields are total yields per acre;
all ethers are increases over check.
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crop. The yields of corn were
excellent and the cotton and cowpea
hay yields were fairly good. Relative
to the phosphated plots, yields on the

from 1905 through 1924 (Table

manure

In
23).
addition to the phosphates the plots received nitrogen in the form of cottonseed meal or sulphate of ammonia. The
results of these experiments were averaged together and relative yield values
calculated. Based on these 14 tests (4
years at Poplarville, 9 years at McNeill, and one year at Holly Springs),
the relative yield values for corn are

"no-phosphate" plots were low and
good repsonse to phosphate was obtainConditions were such as are gened.
eraly associated with good crop response to rock phosphate namely: acid
soil, manure, cover crops, high rate of
rock phosphate, seven years of cropping,

and legumes

superphosphate 100; colloidal phosphate
50.

in the rotation.

In Table 22 it may be noted that
during a seven year period 840 pounds

Rock Phosphate, Superphosphate, and
Phosphate for Cotton:
An
experiment was started in 1920 at Holly

Colloidal

of PoO,- in rock phosphate (2800 pounds
of 30 percent rock phosphate) produced an average annual yield of 10
pounds more cowpea hay, 3 bushels less
corn, and 51 pounds less seed cotton
than 210 pounds of PoO.^ in superphosphate (1313 pounds of 16 percent su-

to compare these materials
under cotton (Table 24). The land had
been in pasture for 14 years before the

Springs

was

test

Nitrate of soda was
started.
at the rate of 100 pounds per
per year.
The yields of cotton

added
acre

were exceptionally good and response
to phosphate was clearly evident as
shown by the check plot yields. Un-

Thus it is evident that
superphosphate was superior to the rock
phosphate in producing corn and cotton
even though the amount of P20r, supplied by rock phosphate was four times
greater than that supplied by superphosphate. Where rock phosphate was
added at double the rate of PoO,- in superphosphate, cowpea hay production
was 185 pounds less.
Superphosphate and Colloidal Phosphate for Corn: Comparisons of colloidal phosphate and superphosphate at
280 pounds per acre were made in Poplarville, McNeill, and Holly Springs
perphosphate).

der the conditions of this five year
test,
with colloidal phosphate being
added at more than twice the P2O5
rate, and rock phosphate being added
at almost four times the P2O5 rate of
superphosphate, the relative efficiency
values were superphosphate 100, colloidal phosphate 58, and rock phosphate
54 (Table 24).
A similar experiment was conducted
for five years from 1929 to 1934 at
Holly Springs on Lintonia silt loam
and quadruple rates of rock phosphate
and one year under cowpeas at Holly

22.
Comparison of superphosphate with double
for four years under cotton, 2 years under corn,
Springs, 1907-1913.

Table

Total

P2O5
added
Source of phosphorus*

per

A

Average yield per acre per year
Cowpea
Seed
hay
Corn
cotton
1

1

|

1

lb.

lb.

Superphosphate
Rock phosphate
Rock phosphate
No phosphate

503

bu.

lb.

853
678
802
0
385
^In addition to the phosphate 5 tons per acre of stable manure was broadcast on the land
in the fall of 1906 and 1907. Hairy vetch was grown in 1909. Cowpeas were grown in 1908.

Table

23.

.

Response of corn

1525
1340
1535
1180

210
420
840

to colloidal

53
45
50
39

phosphate and superphosphate at Poplarville,

1921-24,

McNeill, 1305-1913. and Holly Springs, lb06.

Annual
of

Source of phosphorus*

rate

P2O5

per

A

lb.

None

0

Average

yield Increase per
acre due to
per acre of

corn

phosphate

bu.
20

bu.

Relative
efficiency

Superphosphate
45
28
100
Colloidal phosphate
24
50
*In addition to the phosphorus each plot received annual applications of 280 Ibs./acre cottonseed meal before 1923 and 105 pounds of sulfate of ammonia in 1924.

PHOSPHATE FERTILIZERS
(Table

25).

25

periment was discussed before (Table

The experiment was not
Each plot received

and

is repeated here in order that
experiments involving rock phosphate conducted before 1934 may be included in this section. Under the conditions of this test from 1913 through
1915 where 200 pounds of each material was added annually to cowpeas, the

conducted in 1932.

17)

in addition to the phosphate 36 pounds
of nitrogen and 36 pounds of KoO. Under the conditions of this five year test,
the relative yield values for the various

all

phosphates based on the increased yield
superphosphate as 100 follow:
rock phosphate 47 and colloidal phosphate 29.
Still another experiment was conducted at McNeill for eight years with
cotton (Table 26).
This test was designed to determine the relative efficiency of rock phosphate added at almost a double rate of PoO^ compared
In addition to the
to superphosphate.
phosphate, 100 pounds of cotton seed
meal per acre was added. Under the
conditions of this eight year cotton test,

from

yield values for the various
phosphates based on the increased yield
from superphosphate as 100 were as
follows: basic slag 84, rock phosphate

relative

70.

Rock Phosphate Experiments from
1934 to 1947

Rock Phosphate and Superphosphate
for Cotton. The results of 97 tests with
cotton conducted under a wide range
of conditions from 1935 to 1939 were

the relative yield values are:

for the
rock phosphate 67; for superphosphate
100 (Table 26).
Rock Phosphate, Basic Slag and Superphosphate for Cowpeas: This ex-

Equal
before (Table 13),
amounts of P2O- from rock phosphate
and superphosphate were used under
cotton in these experiments and the
relative efficiency values based on
discussed

Table 24. Response of collon to colloidal "ohosohate, rock phosphate, and superphosphate at
Holly Springs, 1920-24.
Total P20£5 Average yield Inciease per
Relative
per acre of
acre due to
added
Source of phosphorus*
phosphate
efficiency
per A
seed cotton
lb.

lb.

lb.

Superphosphate
1851
299
100
160
Colloidal phosphate
400
1725
173
58
54
Rock phosphate
600
1714
162
No phosphate
1552
0
*In addition to phosphate each plot received 100 pounds of nitrate of soda. The land on
which this test was conducted had been in ^pasture for 14 years before this test was started.
The phosphate materials were added annually at rates as follows: 200 pounds superphosphate, 400 pounds of rock and 400 pounds of colloidal phosphate.
Table 25. Response of cotton to colloidal phosphate, rock phosphate, and superphosphate at
Holly Springs, 1929-34.*
Total P2O5 Average yield Increase per
per acre of
acre due to
added
Relative
phosphate
per A
seed cotton
efficiency
Source of phosphorus**
lb.

lb.

lb.

964
240
152
100
—
Superphosphate
450
883
71
47
Rock phosphate
856
44
300
29
Colloidal phosphate
812
0
phosphate
No
in
1932.
conducted
was
not
*Experiment
**Each plot including no phosphate check received 36 lbs. of nitrogen per acre from nitrate
of soda and 36 pounds of K2O per acre from muriate of potash. 300 lbs. of each phosphate
material were added each year.

—

-

-

-.

Table

26.

Response of cotton

to

—

rock phosphate and superphosphate

added

McNeill Station, 1906-13.
yield increase per
acre due to
Relative
per acre of

per

Total

Source of phosphorus*

None
Superphosphate
Rock phosphate

P2O5 Average

A

seed cotton

phosphate

lb.

lb.

lb.

0

359
580
507

221
148

176
352

efficiency

100
67

phosphate each plot received 100 lbs. cottonseed meal. The superphosphate
and rock phosphate were added annually at rates of 22 and 42 pounds of P2O5 per acre.

"In addition to

MISSISSIPPI
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growing crops such as
assumption a treatment of 1000 pounds was included in
sources of phosphate experiment.
As
a check, an amount of superphosphate
equal in value to the 1000 pounds of
colloidal phosphate was added to a plot
adjoining the colloidal phosphate plot
(Table 20). This test has been continued for three years at Newton, Tupelo,
Brooksville, and Holly Springs. Based
on the results of these 12 tests, with
concentrated superphosphate added ev-

these 97 tests were superphosphate 100

ticularly close

and rock phosphate

oats.

48.

Colloidal Phosphate, Basic Slag, and
Superphosphate for Pastures. This experiment has also been discussed before
in connection with crop response of
pastures to various phosphates (Table
It is re-emphasized here because
18).
colloidal was one of the phosphates

Under the conditions of these
with pastures in which colloidal
phosphate was added at double the

used.

18 tests

rate of PoO^ in superphosphate, the relative yield values for the various phosphates based on the increased yield
from superphosphate as 100 follow:
basic slag 112 and colloidal phosphate
58.

Rock Phosphate and Colloidal
Phosphate Experiments After
1947

Rock Phosphate for Clover Pastures.
Experiments were conducted from 1948
to 1951 at Newton on Prentiss fine
sandy loam, at Raymond on Olivier silt
loam, and at Brooksville on Hunt clay.
The soil was limed to a pH of 6.0 to
Rock phosphate
6.5 at all locations.
was added at double the PoO^ rate of
the other sources. Other details of this
experiment were described previously
Rock phosphate treated
(Table 21).
plots produced more forage and the
relative

values were higher at

yield

Raymond on

loam

than at
the other locations. Here, it had a value
of 78 in relation to the superphosphate
value of 100. Based on superphosphate
as 100, the relative yield values of rock
phosphate, at double the Po^-j ^^^^
superphosphate were, at Newton 44,
and at Brooksville 48.
Based on a
weighted average of these 11 pasture
tests, the relative yield value for rock
phosphate was 61 based on the increased yield from superphosphate as 100
(Table

a

silt

soil

21).

Colloidal Phosphate for Winter Oat
Pastures. It has been suggested that,
if a large amount, say 1000 pounds of
colloidal phosphate, were added to the
soil in one application, it would become
available over a period of years and
furnish needed phosphate to crops, par-

503

To

test this

ery year given a rating of 100, superphosphate had a relative yield value
of 92 and colloidal phosphate 35 (Table
It is evident from 1953 field ob20).
servations, other results not reported
herein, and these data, that large
amounts, say 1000 pounds of colloidal
phosphate or 666 pounds of superphosphate, added once in three years will
not produce as much forage as an equal
amount of P2O5 from superphosphate
divided into three applications, and
added in part each year.

Mixing Rock and Colloidal with Superphosphate for Fescue. This experi-

ment was started at Brooksville in
1951 on a Hunt clay containing 7 pounds
of dilute acid soluble P and having a
The fertilizers were made
of 5.7.

pH

up with phosphate from the various
sources as indicated (Table 27). They
were broadcast and disced into the upsoil.
On one series
pounds of P^Og from rock
phosphate was added with 60 pounds
On anof PoO- from superphosphate.
other, 606 pounds of PgOr, from colloidal
phosphate was added with 60 pounds
Other
of PoOg from superphosphate.

per five inches of
of plots 606

treatments consisted of rock phosphate,
colloidal phosphate, or superphosphate

without mixing one with another. Rock
phosphate and colloidal phosphate were
added on unlimed plots, and on plots
limed with one ton of dolomite. The
field received a uniform application of
64 pounds of N from ammonium nitrate,
100 pounds of KoO from muriate of potash, and 150 pounds of gypsum. There
were four replications of each treatment in a randomized block design. The
field was seeded to fescue and ladino
clover.
The ladino clover failed to

PHOSPHATE FERTILIZERS

fertilizers were made up with phosphate from superphosphate, colloidal
phosphate, and rock phosphate as indicated in Table 28. There were several
rates of P^,Or, from concentrated suDerphosphate and two rates of P2O5
from rock phosphate.
Other treat-

The

survive but there was a good stand of
Results are given in Table 27.
It is planned to continue this test for
ten years.

fescue.

Results

show

that rock phosphate and

colloidal phosphate

produced more

27

fes-

cue forage on the unlimed plots (pH
5.7) than on the limed plots (pH 6.5).
The two rates of superphosphate with
lime ranked first and second in forage
production. The rock phosphate mixed with superphosphate and the colloidal mixed with superphosphate ranked third and fourth in forage production. The rock phosphate and colloidal
phosphate on unlimed soil ranked fifth
and sixth while the rock phosphate and
colloidal phosphate on limed soil produced little more herbage than the
check plot.

ments consisted of mixing rock
phosphate or colloidal phosphate with
30 pounds of P2O5 from concen-

The fertilizers
were mixed, added to the plots by
hand, and disced into the surface 4
inches.
The field received a uniform
application of 60 pounds of N from
ammonium nitrate, 100 pounds of K2O
from muriate of potash, and was limed
Three clippings were
to a pH of 6.0.
made between the first week in January and the third week in February.
After each clipping 60 pounds of N
was added per acre. There were four
trated superphosphate.

Mixing Rock and Superphosphate for
Pasture. This exneriment was
started at Raymond in 1952 on Olivier
silt loam containing 8 pounds of dilute
acid soluble P and having a pH of 5.0.

Wheat

replications of each treatment in a randomized block design.
The data in
Table 28 show the total yields for all
three clippings for the winter period.

Table 27. The influence of jmixing sunerr>hosr>h=5te with rock phosnhate and with colloidal
phosphate on the vields of fescue on H-^nt cla^ (i->H = 5.7) Brooksville, 1952,

—

Amount
P?05
Source of phosphate*
1.
Superphosphate plus lime**
2.
Superphosphate plus lime
3.
Rock phosphate plus lime mfixed with
60 lbs. of P2O5 from superphosphate
4.
Colloidal phosphate plus lime mixed with
60 lbs. of PpOs from superphosphate
Rock phosphate, no lime
5.
6.
Colloidal phosphate, no lime
7.
Rock phosphate plus lime
Colloidal phosohate plus lime
8.
9.
Nothing
"Also received 64

"To

pH

6.5

with

pounds

all

of

N

as

333
90

5

and

Forage
vield
lb.

/A

Rank

2850
2057
1751

666
0

ammonium

treatments except

of

added
lb. /A

nitrate

and

100

1441
1274
1163
901
789
770

pounds of K2O.

6.

Table 28. The influence of mixing concentrated superphosphate with rock phosphate and
with colloidal phosohate on the yield of winter wheat pasture on Olivier silt loam limed
to

pH

6.0.

Pounds
Source of phosphate*
Cone, superphosphate

Rock plus

Cone, superphosphate
Colloidal plus cone, super.
Colloidal plus cone, super.
Ordinary 20 percent super.

Total

colloidal

phosphate

added

0

Cone, superphosphate -—

Rock phosphate
Cone, superphosphate

No phosphate
L.S.D.

From

300
600
0
600
300
0
300
0
0

Rock phosphate
Rock plus cone, super.

P?05 added per acre
super-

0
600

^

cone, super.

of

From
rock or

120
630
60
330
630
60
600
330
30
300

120
30
60
30
30
60
0
30
30
0
15
0

15
0

.05

*Also received 180 pounds of

gypsum per

acre.

N

as

antmonium

nitrate, 100

Dry
forage

pounds

of

yield
lb.

/A

Rank

2244
1953
1821
1703
1556
1480
1472
1225
1132

923
645
352
300

K2O. and

150

pounds of
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superphosphate at a
120 pounds of P0O5 per acre
ranked first in forage production. Rock
phosphate at 600 pounds of PoO^ per
acre supplemented with 30 pounds of
Concentrated

rate of

P20r, from concentrated superphosphate
ranked second in forage production.
Concentrated superphosphate at a rate
of 60 pounds of PgOr, ranked third in
forage production, and colloidal phosphate at a rate of 300 pounds of PgOmixed with 30 pounds of PgOr, from
concentrated superphosphate ranked

fourth.
It is anticipated that several years'
results of this experiment will be needed to fully evaluate the efficiency of
the various sources and mixtures of
sources.
It is evident, however, from
field observations and early clippings,
that some water soluble P2O5 is needed for maximum growth and earliness
of production of winter grazing crops
regardless of the amount of PoOr, supplied
from the non-water soluble
sources such as rock phosphate or colloidal phosphate.

RESIDUAL EFFECT OF

PHOSPHATE FERTILIZERS
Generally, only ten to fifteen percent
added phosphate fertilizer is recovered by the crop. Usually more is recovered from water soluble sources of
phosphorus than from the more insoluble materials such as rock phosphate
and tricalcium phosphate materials.
But at best 70 to 85 percent of the
of

phosphorus added as

fertilizer

is

lost

insofar as removed by the harvested
portion of several crops is concerned.
For this reason, studies have been un-

dertaken in an attempt to improve on
the efficiency of added phosphate fertilizer.
It has been suggested that the relative efficiency of the insoluble sources
of phosphorus may be improved upon

by longer contact with the

soil.

For

reason several long time tests have
been conducted to determine the influence of time on the residual availability
of insoluble sources of phosphorus.
this

The Residual Availability of Phosphates to Cotton. In 1935 experiments

503

with various sources of phosphate were
established at Smithville, Raymond,

and West Point on Kalmia, Olivier, and
Sumter soils, respectively (Table 29).
The cotton was fertilized with 400
pounds of 4-8-4 from 1935 until 1939.
From 1940 to 1944 phosphate and potash
were not added, but 200 pounds per
acre of NaNOg was added to each plot.
The increased yield of cotton produced
from 1940 to 1944 was taken as a
measure of the residual availability of
the various phosphates which were
added from 1935 to 1939 in the 4-8-4
fertilizer.
This 4-8-4 fertilizer was
made up with sulfate of ammonia,
muriate of potash, and phosphate from
either superphosphate, concentrated superphosphate, dicalcium,
tricalcium,
rock phosphate, or basic slag. One
treatment consisted of a 4-8-4 fertilizer,
the nitrogen in which had been neutralized with

115 pounds of dolomite.
In this fertilizer the source of phos-

phorus

was

phate.

It

concentrated superphosshould be pointed out that
16 pounds of nitrogen were added in

the 4-8-4 from 1935-39 and 32 pounds
of nitrogen were added as nitrate of
soda from 1940-44. The fertilizers were
added in the furrow and covered with
a "middle buster" plow.
There were
four systematic replications of each
treatment.
Under the conditions of these 30 tests
(10 years at three locations) with cotton, the relative yield values for the
various residual phosphates based on
the increased yield from residual superphosphate as 100 follow: concentrated
superphosphate plus lime 156, dicalcium phosphate 131, tricalcium phosphate 116, basic slag 116, concentrated
superphosphate 98, and rock phosphate
50 (Table 29).
It is interesting to note that concentrated superphosphate with no lime
ranked next to last but with lime it
ranked first. This emphasizes that
measurements of different sources of
phosphate as indicated by crop yields
should not be made on very acid soils,
because the results of this experiment
and several others have indicated that
the yield increases obtained were, to
some extent at least, influenced by the
calcium content of the various phos-

PHOSPHATE FERTHJZERS
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and the pH of the
measurements of phosphate
availability by crops are to reflect ac-

phate

population increased from 15 percent
the first year to 45 percent the fifth
year. The forage yield was doubled the
first year by the 80 pound P^O^ rate.
With no additional phosphate the yield
gains
progressively decreased after
1942 until the last year when there was
no further increase from the added
phosphate. Annual applications of 80
pounds of P2O- continued to show marked increases in yield every year for
five years and results show that the
average for the five-year period was
almost double the average yields on the
check plots (Table 30). The plots receiving the annual application of 80
pounds of PoO- per acre had a plant
population consisting of 80 percent legumes at the end of the five years.

fertilizers,

If

soil.

curately the availability of the phosphate in the fertilizer, then phosphate
should be the only limiting factor in
the growth of the plant.

These results (Table 29) showed that
the residual phosphate and potash remaining in the soil were utilized by the
cotton plants.
Also the relative efficiency of the insoluble sources of phosphate were increased with time. However, the relative efficiency of concentrated superphosphate also increased
with time. The spread between the
residual efficiency of superphosphate
and rock phosphate was of the order
of 2 to 1.
It should be pointed out
that calculations based on the amount
of phosphate in seed cotton indicate
that over a ten-year period the combined yields of cotton on the best plots
removed from the soil only 20 percent
of the fertilizer phosphate. In this calculation it was assumed that no native
soil phosphate was released to the crop.
This implies that over 80 percent of the
fertilizer phosphate remained in the
soil or

was

lost

by

Chemical analysis of the forage showed that during the five-year period 72
pounds of P^O- were taken up by the
plants on the no-phosphate plots, 98
pounds were taken up by the plants on
the plots treated with 80 pounds of
PoO., in 1940, and 140 pounds of P0O5
were taken up by the plants on the
plots fertilized with 80 pounds of PoOg
each year. If it is assumed that the
plants on the treated plots took up the
same amount of P0O5 from the native
supply in the soil as was found in the
forage produced on the no-phosphate
plots, then the 80 pounds PoO^ treatment in 1940 contributed 26 pounds of
PoOr, to the forage, and the 80 pound
P.,0- treatment every year contributed
68 pounds of PgO^ to the forage. The
percent recovery of the added phosphate in the first case was 32.5 percent
and the percent recovery of the added
phosphate in the second case was 17.0

erosion.

Residual Availability of Superphosphate for Pasture. In 1941 an experiment was established at the North Mississippi

Branch Experiment Station
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at

Holly Springs on Grenada silt loam.
The objective was to determine the
residual availability of superphosphate
for pastures over a five-year period.
Plots were laid out and the fertilizer
was broadcast on top of an existing hop,
white clover, lespedeza, bermuda grass
pasture.
One series of plots received
no phosphate; another series received 80
pounds of PoOg in 1940, and still another
was fertilized with 80 pounds of PoOin 1940, '41, '42, '43, and '44, (Table 30).
One application of superphosphate in
1940 increased the pasture yields for
four years.
Furthermore, the legume

percent.
It is concluded that the efficiency of
the phosphate is increased by increasing the length of time it is in contact
with growing plant roots. However, if
good forage yields are desired each
year, annual applications are necessary.

Table 30. Residual availability of superphosphaie as measured by yields of bermuda grass,
white clover pasture fertilized with" 400 pounds of superphosphaie once in five years
compared to 400 pounds added annuallv. Holly Springs.
Pounds forage produced per year
P205
lb.

/A

1941

in

1763
3097
3097

0

80
80

1940

every year

1

1942
3912
6225
8787

i

1943
3578
4400
5769

1

1944
3691
4495
7121

i

1945
2900
3030
5535

Average
3097
4249
6062

PHOSPHATE FERTILIZERS
profit gained by improving on the
efficiency of the phosphate was small
compared to the value of the forage
produced on the plots fertilized each
year with 80 pounds of P20r,.

The

PHOSPHATE

IN

HIGH

ANALYSIS FERTILIZER

31

lizer described in Table 31, a mixture
of nitric and sulfuric acids is added to

rock phosphate. Ammonia and muriate
of potash are then added to the slurry
and the resultant product dried and
ground. About one-fifth of the ^2^:^
this

mixture

is

water soluble.

Ammoniated Superphosphate.

This
prepared by adding anhydrous ammonia to concentrated or ordinary 20
percent superphosphate. The ammoniation may be carried out in a drumtype ammoniator. The 10-10-10 fertilizer described in Table 31 was made
from 18.5 percent superphosphate and
contained about 64 pounds of ammonia
per ton. By adding the ammonia slowly to prevent overheating very little
is

In recent years there has been a
trend toward the production and use
of high analysis fertilizers such as a
13-13-13. Widely scattered experiments
have indicated that these materials do
as well on limed soils as the lower
analysis materials such as a 7-7-7. Fertilizers analyzing as high as a 15-15-15
have been produced on a small scale
but this material did not contain sulfur.
The high analysis fertilizers on the
market today contain 10 to 25 percent
SO3 depending on the method of manufacture.
Usually these high analysis
fertilizers are manufactured using one
of the following materials: nitric phosphate, ammonium phosphate, or ammoniated superphosphate. There is
considerable flexibility in the manufacture of these materials and by modification the phosphate may be made
more or less water soluble, the calcium
content may be low or high, and the
sulfur content may be varied considerably. All of these factors influence the
efficiency of a fertilizer.
Space does
not permit a detailed discussion of fertilizer technology.
However, a brief
description of the three materials from
which present day high analysis fertilizers are made would be in order.

loss of citrate solubility of P^O^ resulted.
However, only about one-fifth of
the PoOj in the fertilizer remains water
soluble.

Ammonium
phoric acid,

CaO, SO3, Clo, and total, available, and
water soluble P^O^ is included along
with the A.O.A.C. acidity in pounds of
CaCOg, equivalent per ton.

Phosphate.

This material is
made by mixing nitric acid with rock
phosphate. In some processes, such as
that used to produce the 11-11-11 fertiNitric

Liquid phosphosphate,

mixed with sulfuric acid and the
mixed acids are combined with ammonia to form ammonium phosphate.
To this slurry is then added muriate
of potash and a small amount of manure salts and nitrate of soda. The
is

resulting product is dried in a rotary
kiln and the 13-13-13 fertilizer, such
as that described in Table 31, comes out
The PoO- in this maas hard pellets.
terial is almost all water soluble, but
very little calcium is contained in the
final mixture.

Cotton Response to High
Analysis Fertilizer

Description of Materials
In order to show the various elements present in the fertilizer materials, typical chemical analyses of each
high analysis fertilizer used in these
experiments are shown in Table 31.
The percent composition of N, KoO,

Phosphate.

made from rock

at

This experiment was started in 1950
Newton, Brooksville, Holly Springs,

and Raymond on Prentiss fine sandy
loam. Hunt clay, Grenada silt loam, and
Olivier silt loam, respectively (Table
All of the soils had a pH of less
than 5.5 except the Hunt clay which
had a pH of 6.2. The dilute acid soluble phosphorus in the soils were as
follows: Newton 5 lbs. /A, Brooksville
32).

Holly Springs 17 Ibs./A, and
11 lbs. /A. Response to phosphate at odds 19:1 were obtained at all
locations. The tests have been conduct17 Ibs./A,

Raymond

ed for three years (1950-52) at Newton,
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Brooksville, and Holly Springs, and for

one year (1951) at Raymond.
tilizers,

at

a

rate

equivalent

The

fer-

to

400

pounds of 10-10-10 per acre, were banded by hand in the row middles and
covered with a mold board plow. The
experiments were arranged in randomiz^^d blocks with six to eight replications.

Under the conditions

of these ten
tests, relative yield values of the various fertilizers, based on the increased
yield of cotton from a mixture containing concentrated superphosphate as 100
10-10-10, ammoniated
are as follow:

superphosphate 103; 14-14-14, nitric
phosphate 101; and 13-13-13, ammonium
phosphate 99. A nitric phosphate with
sulfur (11-11-11) produced the highest
yields and was rated 120.
The 7-7-7,
a neutral fertilizer, produced a very low
yield at Brooksville, because the high
calcium content of the soil at that location undoubtedly caused some reduction of availability of the phosphate in
the ammoniated superphosphate from
which the 7-7-7 was made. At the other locations this material produced as
well as some of the other fertilizers.
The better cotton yield increases obtained with nitric phosphates containing calcium and sulfur, indicates that
these materials are at least equal to
the crop producing efficiency of am-

monium phosphate and ammoniated
superphosphate.

Winter Oat Pasture Response
High Analysis Fertilizers

to

In 1950 experiments were established
Newton, Tupelo, Brooksville, and
Holly Springs on Prentiss, Tilden, Hunt,
and Grenada soils, respectively (Table

at

These soils contained less than
seven pounds of dilute acid soluble
phosphorus except the Grenada soil
which contained 13 pounds. The pH of
the soil varied from 4.9 to 5.1 except
33).

33

Hunt clay which had a pH of
The fertilizers, at a rate equivalent

for the
6.8.

600 pounds of 10-10-10 per acre,
were broadcast in the fall on top of
the ground by hand and disced in
lightly.
An additional 60 pounds of N
was top dressed after the first harvest
No lime was added. The
of forage.
experiments were arranged in randomto

ized blocks with four replications. Re-

sponse to phosphate at odds 19:1 were
obtained at all locations.

Under the conditions
tests

of these nine

with winter oat pastures, the rela-

tive yield values of the various fertilizers, based on the increased yield of
oat forage from a mixture containing
concentrated superphosphate as 100, are
14-14-14, nitric phosphate
as follows:
100; 13-13-13, ammonium phosphate 98;
10-10-10, ammoniated superphosphate
85.
The latter material produced a low

yield at Brooksville probably because
the high calcium content of the soil at
that location reduced the availability
of the phosphorus in the ammoniated

superphosphate

(Table

33).

The

re-

sults show that the nitric phosphates
are at least as good as ammonium phos-

phate and ammoniated superphosphate
for winter oats.

These tests with winter oat pastures
were conducted so that a measure of
the earliness of growth, as influenced
by the various fertilizers, could be obtained. The data in Table 33 are average results for the full years' producSpace does not permit a discustion.
sion or tabulation of the data by clippings here, but it should be mentioned
that the early winter oat pastures treated with fertilizers containing a high
content of water soluble phosphorus
such as that in the 13-13-13 ammo-phos
produced higher yields and could carry
more animals in the winter than those
pastures fertilized with water-insoluble

phosphate

fertilizers.
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North Miss
Holly Springs
.

,

Black Belt.
Brooksville

Branch Experiment Stations are
well located to serve the various
soil areas of Mississippi.

